A mixed system of cooled and trapped, ions and atoms [1] [2] [3] [4] [5] [6] , paves the way for ion assisted cold chemistry 7-10 and novel many body studies 
This letter investigates energy transfer from trapped 85 Rb + ions to laser cooled 85 Rb atoms in a MOT, which have equal masses, resulting in ion cooling. Since Rb + ions have a closed shell electron configuration they are not amenable to direct laser cooling. In addition, trapped ions heat 13 due to factors such as trap imperfections, background gas collisions and radiofrequency (RF) heating due to ion−ion repulsion. In the present experiment, collisions with cold atoms is the only available cooling channel for Rb + ions. To explain the collisional ion cooling we first discuss the experimental arrangement, then furnish the theoretical argument for efficient cooling of ions by MOT atoms, followed by computational results which expand the scope of the binary ion−atom collision. The experimental observation of ion cooling and trapped ion number equilibrium by the MOT atoms is then presented and discussed.
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The experimental schematic is illustrated in Fig. 1 and the experimental technique 6 and operational details are briefly described in the Methods section. As seen in the figure, the linear ion trap volume (V IT ) is much larger than the volume of the cold atoms in the MOT (V M OT ). The saturated MOT with 2.3(±0.2) × 10 6 atoms has a full width at half maximum (FWHM) of ≈ 1 mm and is formed at the center of the ion trap secular potential (origin).
Ions are created by two-photon ionization from the MOT (see Methods) with negligible recoil.
The ions are detected by a channel electron multiplier (CEM) and amplifier assembly, which converts the incident extracted ions from the trap to a proportional voltage signal.
To demonstrate the cooling of trapped ions by collision with MOT atoms, we closely follow the early, seminal work of Major and Dehmelt 12 . In describing the ion−atom collisions, the MOT atom temperature of ≈100 µK permits the setting of atom velocity, v A = 0. For initial ion velocity c, the post collision velocity of the ion c is given by collisions are both incorporated in the simulation (see the Methods section). The mean ion kinetic energy is shown in Fig. 2(a) , and mean position displacement of the ion ensemble in (2) with MOT atoms.
The CEM ion counts vs. τ ih is plotted in Fig. 3(a) and the FWHM of the ion arrival time-of-flight (ToF) distribution in Fig. 3(b) . For case (1) all the ions exit the trap by τ ih ≈ 15 s and the ToF FWHM increases rapidly. In case (2) for τ ih ≥ 1 s, the ion loss rate from the trap drops and so does the FWHM of the ion ToF distribution. Beyond τ ih ≥ 2 minutes, the number of trapped ions stabilizes to a constant value, while the width of the ToF distribution nominally decreases, indicating that ion cooling is still underway. We therefore conclude that a number equilibrium between daughter ions and laser cooled parent atoms is achieved and a thermally stable equilibrium exists within experimental means. Finally since the cooling rate of the ion must overcome the heating rate for long term trapping, the lower bound on the initial cooling rate per ion is dQ/dt| τ ih =0 = −0.038 eV/s, as derived from fitting the heating observed in the MOT off measurement.
In our explanation of the above ion cooling we have exclusively focussed on the binary ion−atom interaction. Within this restriction we demonstrate that the ions are effectively cooled by collision with the localized, cold MOT atoms. It is the continuous atom cooling, which indirectly bleeds away energy from the trapped ions, and the constant number of 
Ion Cooling due to Atom Localization
The change in ion temperature on undergoing collisions is principally due to a change in its u , as a collisional change in position dependent v results only in the change of phase of the micromotion. Substituting c = u + v and c = u + v in Eqn. 1 and with some regrouping of the terms, we obtain an expression for u 2 − u 2 as
Conventionally, buffer gas floods the entire ion trap volume, allowing the approximation 
which ensures a reduction in the average macromotion energy of the ion per collision and that maximum cooling in a collsion, for any particular deflection angle, occurs for m A = m I . 
The Ion Cooling Simulation

